The aim of the present study was to investigate the antioxidant and hepatoprotective effects of ginger and fish oil against oxidative stress induced by atherosclerotic diet that enhanced hepatic changes in rats. The animals were divided into four groups of twelve rats each. Group I served as the control. Rats in groups II, III and IV were fed with an atherogenic diet for 8 weeks, group III received atherogenic diet supplemented with 5% ginger, and group IV received atherogenic diet supplemented with 10 % fish oil. Hypercholesterolemia was confirmed by significant elevation of total cholesterol. The protective role of those treatments was confirmed by the significant reduction in the elevated liver enzymes (AST, ALT and ALP levels) and increase in total antioxidant capacity (TAC), catalase (CAT) activity and glutathione reduced (GSH) levels , while malondialdehyde (MDA) levels was significantly reduced when compared with hypercholesterolemic group. We concluded that ginger and fish oil have modulatory effects on antioxidant status and liver functions in hypercholesterolemic male rats.
Introduction
Reactive oxygen species (ROS), as well as reactive nitrogen species (RNS) are products of normal cellular metabolism. ROS and RNS are well recognized for playing a dual role as both harmful and beneficial species to living systems (Valko et al., 2007) .Increase in production of ROS/RNS on one side and a deficiency of enzymatic and non-enzymatic antioxidants on the other side led to oxidative stress. These radicals can induce oxidative damage to cellular lipids, proteins, or DNA inhibiting their normal function. Cell damage caused by free radicals appears to be a major contributor of many diseases (Valko et al., 2007) . Hypercholesterolemia is a metabolic disorder characterized by high serum levels of cholesterol and LDL-c (Akinyemi et al., 2015). Hypercholesterolemia was associated with oxidative modification of LDL, protein glycation, glucose-autooxidation, thus leading to excess production of lipid peroxidation products which may cause elevation of oxidative stress in hyperlipidemia 
Histpathological studies
Autopsy samples were taken from liver rats in different groups at the end of experiment and stained by hematoxyline and eosin stain then examination was done by using light electric microscope (Bancrofet et al., 1996). Statistical analysis: All data presented as mean±standard error (SE) and were subjected to analysis of variance (ANOVA) test according to snedecore and Cochran (1980) .Treatment means were compared by least significant difference test (LSD) at 0.05 levels of probability.
Results Effect of Ginger and Fish oil on Cholesterol, , TAC, MDA, CAT , GSH , AST, ALT and ALP concentration in hypercholesterolemic male rats Data presented in table(1) revealed that the lowest TAC , CAT and GSH levels were recorded in hypercholesterolemic male rats , while MDA and cholesterol levels were significantly elevated when compared with treated groups and even control group. Upon supplementation of atherogenic diet with ginger and fish oil antioxidant status was significantly ameliorated when compared with hypercholesterolemic group. As these groups showed significant decrease in cholesterol and MDA levels. Moreover, TAC, CAT and GSH levels were significantly elevated if compared with hypercholesterolemic rats at P < 0.05. On the other hand, AST,ALTand ALP activities were markedly elevated in hypercholesterolemic group and with ginger and fish oil supplementation these enzymes were significantly diminished at P < 0.05. Means ± S.E, (N) number of rats/group=12, Means within the same row having different superscript letters are significantly different at P < 0.05 
Histopathological findings

Discussion
In the present study, atherogenic diet feeding for 8 weeks was chosen as the experimental model of hypercholesterolemia. High fat diet containing 1 % cholesterol + 0.25 % bile salts was able to increase total cholesterol and LDL-C in Sprague Dawley rats likely by attenuate bile acid production. Propylthiouracil inhibits thyroid hormone by blocking iodine oxidation resulting in decrease of lipid metabolism. Propylthiouracil was given to ensure atherogenesis in Sprague- Dawley Rats (shyam et al., 2010) . Data presented in this study revealed that significant reduction in total antioxidant capacity (TAC), catalase (CAT) activity, and glutathione reduced (GSH) levels, while malondialdehyde (MDA) levels significantly elevated if compared with control and all treated groups. In addition, AST, ALT and ALP activities was significantly accelerated in comparison with control and treated groups. These results found to be in accordance with Makni et al. (2008) , they recorded that in hypercholesterolemic diet, liver is the primary organ to metabolize the excess cholesterol ingested and subjected to oxidative stress firstly. This stress arises from an imbalance between the free radicals production and effectiveness of antioxidant defense system. Increased oxidant stress is suggested to play a critical role in the chronic inflammatory responses to hypercholesterolemia and atherosclerosis Thus oxidative stress leads to cell membrane destruction which is related to the free radicals injury and lipid peroxidation (Makni et al., 2008) . Enhancement of TBARS levels is an indicator of lipid peroxidation, in animals fed with a high cholesterol diet has been previously reported (Visavadiya and Narasimhacharya, 2007).In addition , hypercholesterolemic rats recorded significant decrease in the activities of the antioxidant enzymes SOD, CAT and GPx , compared to those of control rats. Such inhibition may be attributed to the production of unsaturated aldehydes during lipid peroxidation. These compounds able to promote oxidative stress by induction of the glutathione cellular consumption and by inactivating seleniumdependent glutathione peroxidase (Makni et al., 2008). Furthermore, hypercholesterolemia was associated with an elevation of the serum and aortic MDA levels, suggesting increase of oxyradicals production, that may be due to enhancement generation through arachidonic acid metabolism for synthesis of prostaglandins and leukotrienes and through WBCs. Increased levels of oxyradicals mitigates endothelial cell injury (Lee and Prasad, 2003). AST and ALT are cytosolic enzymes, while ALP is a membrane bound enzyme which are mainly found in the liver and kidney and are abnormally found in higher quantities in the serum when the cell membrane damaged and becomes leaky or even completely ruptured. The high levels of Aspartate and Alanine aminotransferases in the serum is considered an index of organ damage , as it was suggested that deposition of fats in hepatocytes could have been caused by the hypercholesterolemic diet which may lead to cell damage and leakage of these enzymes (Olubunmi, 2011). Renugadevi et al.(2010) stated that changes in the activities of the liver specific enzymes AST, ALT, and ALP have been recorded as a tool to study cell viability and cell membrane permeability and are the well-known markers of liver cell and tissue damage .Hypercholesterolemia has been considered a risk factor for hepatic injury, several studies on rats and rabbits showed intense deposition of lipids in hepatic areas after feeding with cholesterol enriched diet. This significant elevation in AST, ALT and ALP may be an indicator of heptic injury following high cholesterol diet (Keskin et al., 2015) . Hepatic histology of the rats fed hypercholesterolemic diet presented in fig.2 showed deposition of lipid and associated with increased production of ROS, often leading to greater hepatic lipid peroxidation (Morán-Ramos et al., 2012) . Ginger treatment results in significant elevation of TAC, CAT and GSH. In addition, ginger supplementation showed significant decrease in the activity of AST, ALT and ALP enzymes comparable with hypercholesterolimic group. The observed decrease in activity of these enzymes after treatment with ginger powder could have been attributed to the recovery of the organ from the nutritional insult imposed by the hypercholesterolemic diet (Olubunmi, 2011). These results were in accordance with Mallikarjuna et al. (2008), who observed significant improvement in liver enzymes associated with administration of ginger as it showed reduction in liver enzymatic activities. Also it was recorded that ginger ethanolic extract (200 mg/kg) administration orally from day 15 to day 21 along with country-made Liquor (CML) results in significant lowering of AST, ALT, ALP activity and tissue lipid peroxidation (Lebda et al., 2012). Ginger treatment was found to exhibit hepatoprotective effect as recorded by enhancement in the activity of the antioxidant enzyme super oxide dismutase (SOD), and diminished amount of lipid peroxidation against the adriamycin-induced hepatotoxicity in rats. It was shown that ginger has the ability to scavenge free radical by its antioxidant activity, ginger-free phenolic and hydrolysed phenolic fractions exhibited DNA protection by free radical scavenging and inhibition of lipid peroxidation, indicating its potent antioxidant properties (Sakr et al., 2011) . Also, these results were in harmony with Liu et al. (2003) who recorded that administration of either 2% or 5% ginger containing diets to hyperlipidemic rats showed increased GSH and decreased plasma lipid peroxide levels. Moreover, Asnani and Verma (2009) reported that ginger significantly inhibited lipid peroxidation via ameliorating the activities of the antioxidant enzymes; superoxide dismutase (SOD), catalase and glutathione peroxidase in rats. In addition, several studies revealed that the aqueous extract of ginger lowered lipid peroxidation and formation of diene, triene and tetraene conjugates in erythrocyte membrane. Supplementation with ginger can reduce free radical mediated oxidative stress to the cells, the crude gingerol extract was found to have antioxidant activity (Asnani and Verma, 2009). Total plasma antioxidant capacity (TAC) showed significant repression in hyperlipidemic and diabetic rats. These results were in parallel with Mahmoud et al. (2014) . Administration of ginger to hyperlipidemic and diabetic rats significant enhance (TAC) concentrations associated with significant reduction in plasma malondialdehyde (MDA) concentration .also these could be explained that may due to lowering lipid levels. It is known that hyperlipidemic states are associated with altered physical properties of cellular membranes, which may facilitate the escape of free radicals from the mitochondrial electron transport chain or the activation of NADPH oxidase (Yang et  al., 2008) . Hepatic histopathological findings in fig.3 showed significant hepatoprotection in the ginger treated group. These was found to agree with (Poorrostami et al., 2014). They observed that the liver sections of rats on treatment with hydroalcoholic extract of ginger exhibited significant liver protection. Results presented in this study showed dietary intake of fish oil lead to significant improvement in antioxidant status and oxidative stress markers with elevation in total antioxidant capacity (TAC) levels , catalase (CAT) activity and glutathione reduced (GSH) levels, while malondildehydes (MDA) levels were significantly reduced, furthermore AST, ALT and ALP activities were diminished significantly ,when compared with hypercholesterolemic untreated group. Poly unsaturated fatty acids (PUFAs) have displayed cytoprotection against lipid peroxidation increasing the levels of several cellular antioxidants such as ascorbic acid, a-tocopherol and reduced glutathione (GSH) levels ( Makni et al., 2008) .
Our results agree with Atakisi et al. (2013).
They reported that fish oil provision restores liver enzymes in rats with diethylnitrosamine (DEN) toxicity. N-3 PUFAs was suggested to ameliorate the toxic effects of DEN in part by means of its free radical scavenging activity and may be of therapeutic value in the protection of liver against toxic effects of DEN. In addition Moghadamnia et al. (2016) recorded that Fish oil omega-3 supplemention and thioacetamide showed a significant improvement in liver enzymes (AST, ALT and ALP) compared to the group receiving thioacetamide only. This means that the supplementation of fish oil omega-3 could protect the hepatic tissue against toxic effect of thioacetamide. EPA (Eicosapentaenoic acid) and DHA (Docosahexaenoic acid) obtained from fish oil showed antioxidant properties and have a beneficial role in overall metabolism. These oil supplementation may counter the liver toxicity at biochemical level as well as at cellular levels because it shares in the repair and regeneration of altered membrane structures due to increased oxidative stress (Chavan et al., 2013). Furthermore, Chen et al. (2012) documented that Docosahexaenoic acid (DHA) is an essential polyunsaturated fatty acid that has been shown to possess health beneficial effects, including hepatoprotection . This effect could be related to its strong anti-inflammatory and anti-oxidative effects as well as down-regulation of NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells), NF-KB is a protein complex that controls transcription of DNA, cytokine production and cell survival. It is found in almost all animal cell types and is involved in cellular responses to stimuli such as stress, cytokines, free radicals, heavy metals, ultraviolet irradiation, oxidized LDL, and bacterial or viral antigens (Gilmore, 2006). The chemoprotective effect of Omega-3 on liver tissue was confirmed by the attenuation of the activities of serum ALT, AST and ALP. These results are consistent with the results of Attaia et al. (2011) and Abdou and Hassan(2014).The mechanism of action of Omega-3 can be attributed to its ability to scavenge free reactive oxygen, block their generation, or enhance endogenous antioxidant status, it may lead to inhibition lipid peroxidation and this action helps to stabilize the reactive radicals and preserve the cellular integrity. Also, it prevents the decrement of GSH level suggesting that Omega-3 may provide the protection to the thiol (SH) group of GSH from the reactive radicals (Abdou and Hassan, 2014). Very recent researches demonstrated that genes involving oxidative stress and mitochondrial dysfunction were down-regulated in the fish oil treated group, and this was in line with the changes of hepatic antioxidant enzyme activities (Li et al., 2017).
Histopathological findings in fig.4 showed significant improvement in hepatic histology upon supplementation of atherogenic diet with fish oil. . Effect of fish oil diet on changes in liver histopathology of diabetic rats, rats receiving fish oil diet showing relatively mild degeneration of hepatocytes (Jangale et al., 2013), same results obtained by (Rahman et al., 2016) .
Conclusion
We concluded that ginger and fish oil have modulatory effects on antioxidant status (TAC, MDA, CAT and GSH) as they elevates total antioxidant capacity, prevent depletion of reduced glutathione, enhance catalase activity and decrease lipid peroxidation (MDA). Besides they showed significant hepatoprotective power confirmed by attenuation of liver functions (AST, ALT and ALP) and modulation of hepatic histology in hypercholesterolemic male rats. 
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